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ABSTRACT 


Onrenyonrorce planning methodology for determining the 
pieeper level, mix, and balance of U.S. Army Engineer Forces 
hmeauared CO Support theater level military operations is 
examined and a linear programming model is described for use 
in the planning process. The structure of the eres pro- 
gramming model and feasible ways to derive required parameter 
wmaeues are explained in detail. A test problem and refrults 
obtained using the linear programming model are presented to 
amplify the explanations and to provide a basis for further 
Eeamuaulon and analysis. Alternate model formulation for 
Pevinis minimum fLerce, minimum cost, or maximum productivity 
wmeaver force objectives, and extensions for applications of 
the model in force development and analysis activities are 


described. 
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IT. ENGINEER FORCE PLANNING 


i INTRODUCTION 

Engineer force planning is a segment of general force 
ferenmnine and analysis activities which include planning for 
Support Of current and future military operations and 
Pemtingencies, and force planning associated with budgeting 
en@etorce development. Of particular interest is planning 
Pemaueted for large geographical theaters of operations 
such as the Pacific and the Mid-East theaters. Such 
planning requires coordinated effort of planners and 
specialists representing various branches of the Army who 
fuewecevallave and analyze factors such as the mission, the 
Merete tOnal Situation, enemy characteristics and capabilities, 
Reece OlvCperavions, and the logistic support structure 
Peace cdpabilitaies iam order to determine total force 
requirements and capabilities. 

With guidance provided in FM-101-10-1 [1], this evalu- 
ation and analysis includes determination of the specific 
functions and tasks which must be performed, determination 
of quantitative workload, selection of specific operating 
Mores wih requisite capability, calculation of the number 
of operating units required, and provision for command and 
Cenvroleceruceures. In this process, each planner analyzes 
the mission as a whole and provides input to other planners 


concerning his support capability and his support 


a 





Pere menvs.  inis paper is primarily concerned with the 


Pole of the engineer planner in this integrated process. 
| 


B. ENGINEER FORCE PLANNING METHODOLOGIES 

Engineer force planning methodologies will be discussed 
from the point in the planning process that the engineer 
Peeeimer as derived or been given a mix of projects, work, 
Siecasks, which must be constructed, completed, or supported 
Pyeengineer forces by or for a given time period. Addition- 
ally, it will be assumed that general policy constraints 
Pommeneineer Support and general force level constraints 
Meamemvcchespeci ited, AG this point in the planning process, 
the engineer planner is faced principally with calculation 
problems. Current methodology for handling these problems 
Gamoe Srouped into two broad classes, an allocation method- 
Ology and a work requirement versus product. 2n capability 
methodology. These methodologies can be used singly or in 
combination to derive engineer force requirements for large 
theaters of operation. 

ie "Gear lonemethodology consists of rules for allot- 
imaieoOne type Of troop unit in fixed proportion to the 
teveleeuyoes and Quantity ef other troop units. For example, 
one Engineer Combat Battalion may be alloted for each 
iment tye sArmored, and Airborne Division, one Engineer Com- 
bat Group might be allotted for every four Engineer Combat 
Battalions and so forth. In this methodology, specific 


ratios have been derived from historical precedent or have 
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meen set by policy. The method can be used for hasty 
estimates of requirements or for determination of forces 
which are not sensitive to workload requirements. 

With the second methodology, the engineer planner cal- 
culates engineer force requirements by fivsy trans taping 
the given project mix to a time-phased construction and 
Support program. He then estimates manhour effort required 
temcomplete construction and support for a given time period 
in this program. From tables of organization and equipment 
(TOE) and/or other manpower authorization documents, he 
calculates manhour production capabilities of engineer units 
pueecable for accomplishing the construction and support. 
Force levels, mix, and balance are then derived by dividing 
the total manhour effort required by the total mesnhour pro- 
auewion capability per unit. 

Me results obtained in this manner are sensitive to 
methods used to estimate requirements and capabilities, and 
Memnods for relating production capability, requir: ~n*s, 
and numbers by type of engineer units required. In this 
regard the workload methodology becomes very complex and 
wide ranges of results can be obtained depending on the 
Manner in which simplifying assumptions are made to reduce 
the complexity. The model developed in this paper is 
fairenced) to assist in dealing with this problem area and a 
fuller understanding of the variables and parameters 


involved is important to understanding and applying the model. 
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C. THE WORKLOAD METHODOLOGY 

The workload methodology basically involves three steps 
which include calculation of work requirements in terms of 
mannours Of effort, calculation of engineer troop unit pro- 
aiieerOn Capability in terms of manhours of capability per 
mee and cOMparing production capability to production 
fequirements to determine the number of troop units required. 
A flow diagram Pees ee ica Dprocess Is atrached in 
Pependix A. 

Calculation of work requirements from a given project 
Poo wiirst requires a specific identification of the work 
mavolved Since the given project mix is usually specified 
in very general terms. For example, one project may be to 
faiouruet. a 1000 bed hospital. In the strictest sense, the 
engineer planner must then determine what constitutes a 1000 
Mecmiospital, what type of construction will be used, what 
materials will be required at what time, a construction 
schedule, the time-phased type and quantity of manpower and 
equipment required, and finally the relation of this project 
tome Local construction program. Requirements for a large 
theater of operations are such that this level of estimation 
cannot be realistically accomr lished in the time allotted 
for most planning activities unless some prior planning has 
been done or guidance has been given. To assist planners in 
patemrefard, the U.S. Army Corps of Engineers has developed 


the Engineer Functional Components System. 
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The Engineer Functional Components System consists of a 
geondard Ser of theater of operations construction plans, 
detailed listings Ol proj ,ect components by groupings with 
related total manpower, tonnage and cost requirements, and 
@evailed listings of materiel requirements. This informa- 
tton is published in a set of three manuals, TM 5-301 [2], 
T™ 5-302 [3], and TM 5-303 [4], which provide the planner 
a means to calculate the bulk of manhour requirements. 

From the list of projects the planner first determines 
the installations required and then the associated facili- 
mies. An “installation” is defined to be a balanced group- 
ing of "facilities" designed to be located in the same 
mrriicny.) 4 1000 bed hospital is typical. A "facility" is 
a groupi:: of items and/or sets consisting primarily of 
construction material in the necessary quantities required 
Wemprovide a specified service, such as a road bridge, a 
Gispensary, a mile of road, etc. For general planning, a 
typical installation will consist of some predetermined set 
Memracilities, For specific planning installations can be 
memerored for a given use by adding or subtracting suitable 
Wecilities. 

iowlimet anverpretaetion as to the "type" of construction, 
the engineer planner is given policy guidance as to the 
"Stenagard" of construction. In this regard, the Army 
Cl@eciries six “standards" of construction, an example of 
Wieemmers Shown in Table 1.1. If not specified otherwise, 


engineer planners will usually assume projects will be 
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STANDARDS OF CONSTRUCTION FOR TROOP CAMPS 





Standard DESCRIPTION 

il TOE tents; no engineer materials or effort 
involved. 

2 Classe Jetenious patched by using troops; 
engineer effort for roads and site 
preparacson. 

8 DUMiGiitoewilthtloors for administration, 


Pieces It irmnarres., storehouses, and 
int@enens.) Class IV tents with floors for 
hOvsiteeema with Garth floors for all 

other purposes. Roads within the instal- 
lations are stabilized with local materials. 
Water piped from central storage tank to 
initirmaries, bathhouses, and kitchens. 
PMCCurICmaIstribution to buildings. Pit 
type latrines. 


4 Buildings with floors for all purposes except 
housings Class 1V¥ tents with floors and wood 
iheanesm hor nousina@: roads within the instal-— 
lations are stabilized with local materials; 
water piped from central storage tank to 
Dtmiieniartiese oavmnouses, kKitehens, and camp 
exchange; electric distribution to buildings 
CuiCmLeWuenOUS Ne. t lt vype latrines. 


5 Buildings with floors for all purposes. Roads 
water supply, and latrines are the same as 
type 4 above; electric distribution to all 
Piekaines. 


6 BuUiiGinegsswith tiloors for all purposes; 
latrines with pipe to carry untreated sewage 
1,000 feet beyond the confines of the camp; 
PurUmMIMeus SuU-tacing Of roads within the 
installations; water piped from central 
Svelraresbanik corintirmary, bathhouses , 
latrines, kitchens, and camp exchange; elec- 
Petemene bit bilGtonevo all buildings. 
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constructed at Standard 2 levels in snitial phases of given 
operations and will be upgraded 40 higher standards as Taney. 
material, and manpower becomes available. 

In addition to the major estimates for work required, 
the planner must consider such factors as climate ; weatner, 
management ; efficiency > material flow, time phasing of 
construction tasks, enemy interference and integration of 
yarious projects. The Funetional Component System helps in 
a limited way by providing data based on Navyerage” eondi- 
tions of climate, terrain, state of training, length of 
time in the theater > negligible enemy interference and 
Gener Nayerage” conditions. Unfortunately ; what constitutes 
“average” is not specifically aefined. The most specific 
division made by the system is che distinction between 
"temperate" and "tropical" climate construction. 

Computations are also required in most theater planning 
to account for repair of damage occasioned auring military 
operations and to account for availability of indigenous 
resources which can be used to offset new construction 
requirements. Very little information has been published 
to assist an engineer planner sn these areas. hc ehe 
present , SMese computations are strictly judgmental and 
final solutions obtained can vary widely between planners. 

From the "facilities" analyses the planner obtains 
estimates of vhe total manhour requirements for oll faci 
ties of the project mix. This total is then used in esti 


mating troop unit requirements. 





euro pOlnpe the planner must choose a method for 
Bae ining Enewpredwel ton Capability of Engineer troop 
units. One method available is to use planning guidance 
meom FM 101-10-1 which gives general estimates of 
Meacbalion month" production capabilities. In this case, 
eeacpcalion month" is defined to be the construction effort 
Seen average experienced and properly equipped Engineer 
Pemstruction Battalion during one month. It is based on 
full authorized unit strength with each man working a ten- 
hour day in a six-day week. This method pertains only to 
Battalions, or Battalions augmented with Light Equipment 
mmeeonstruction Support Companies, and cannot be used for 
Seger engineer units. 

Production Capability would be computed on the basis of 
the number of men and construction hours available adjusted 
Memeo OuNny for such factors as efficiency, net production 
Time available, and effects of weather and climate on 
Peeauction effort. As with requirements, production manhours 
fmorwall skills would be added to obtain a total production 
Capability. 

iieLverms Of TOLal manpower, Engineer Battalions usually 
comprise the bulk of engineer force requirements. Accord- 
ingly, current practice is to determine the number of 
Battalions required and then add on smaller units in con- 
BoOMam@ee With allocation rules or unique wor:: requirements. 


Pyeduviding total requirements by total production 
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capability, the planner obtains the number of Battalions to 
Somune construction tasks. 

An alternative method is to assume some type of composite 
Mat, such as a Construction Battalion augmented with ele- 
ments of several types of support units Sucmeas Construction 
emipport, Port Construction, Pipeline Construction and/or 
mar oad Construction Companies, and to compute the produc- 
fron Capability of the composite unit. Which supporting 
units to use would be determined by the type of work required, 
emo the amount apportioned to a Battalion would be deter- 
Mined by allocations specified in tables of organization and 
equipment. 

The number of Battalions determined in thisvanalysis is 
for one time phase in the total time frame of thr military 
operation. By repeating the work requirements and production 
Gapopi lity calculations over successive time periods, the 
planner develops a set of solutions which depict estimated 
fvels of troop requirements for the entire time span of the 
operation. These levels are then evaluated to determine one 
"appropriate" level for the entire operation. Figure 1.1 
Sm@ews a typical requirement curve which could occur. Current 
Piearetice is to take the highest figure in the set of solu- 
tions obtained and use it as the required troop unit level 
for the enti.2 operation, 

ties May not be a final solution since overall constraints 
may be imposed or total theater force levels. Even though 


engineer force levels are derived as a function of combat 


Lye 





Number of 
Augmented 
Engineer 
Construc- 
im ON 
Battalions 
Required 











D-Day D+30 Days D+60 Days D+90 Days D+t120 Days 


Peoure lly lypiecal Engineer Construction Battalion 
Force Levels for Various Phases of a Theater 
Operation 


@ma construction support tasks, which the theater force 
planners specify as minimum essential for force mission 
accomplishment, they may be too high or out of balance with 
the total force structure. In these cases, “balance” means 
the percentage of engineer forces in each part of the 
theater force. 

Allowable percentages have been derived by historical 
precedent and may be specified by policy or directive for a 
eee perardon. )1i engineer force levels are out of 
balance then they must be reduced until proper balance is 
obtained. In some cases these reductions are made arbi- 
Deaiily Since the computational procedures do not readily 
permit analyses of requirements tradeoffs or force mix 
tradeoffs. 

In practice, the skilled or experienced planner will 
recognize overall force constraints and will attempt to 


influence force levels derived from the workload methodology 
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Paeatsoumines some requirements will be met by use of indig- 
epous Pe JOumecoe Oy TeCucCiINneg construction manhour estimates, 
by Pephasing or resequencing projects, by increasing troop 
Unit production capabilities estimates, or by varying 


eemposite unit mix. 


D. POTENTIAL IMPROVEMENTS IN METHODOLOGY 

Current methodology can be improved both in regard to 
allocation and workload methods. The allocation methodology 
Simplifies planner effort by reducing calculation effort 
but it provides no assurance that work required for a given 
Zearatenom can be accomplished. The typically rigid structure 
of Engineer troop units provides for very general production. 
Any specific situation for employment cén at best be 
eonceived as a random sample of possible production require- 
fetes consequently one should assume that the general 
Mewicture Will provide a basis which should be augmented or 
teamored Tor specific situations. Extensive tailoring 
implies that units should be apportioned on the basis of 
treme COntribution to satisfying requirements rather than on 
Qeaats Of their relation to other units. 

Srevunewouner mand, calculations for the workload method- 
Oollogy are done manually. This does not permit making 
See weretmestimatcs, Critical path analysis, parametric or 
Seto meivinyeanalysis because of time and planner manpower 
Constraints. Requirements estimates, which really drive 


PiemeoluLTOns, and requirements tradeoffs and " srce 
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composition tradeoffs cannot be evaluated in depth since to 
Go so would require considerable recomputation effort. 

The workload methodology also does not recognize con- 
straints which may be imposed by specific skills or equip- 
ment. Minor improvement could be made Peeweul maniour 
moweremnents and production capability were divided into 
foerz2zontal and vertical groupings. The horizontal grouping 
would relate to tasks dominated by use of construction 
equipment whereas the vertical grouping would relate to 
tasks dominated by manpower such as carpenters, electricians, 
poomecOr1Ortm, Uniortunately the data base of the Engineer 
Functional Components System provides no information of this 
type and planners do not have time to make detailed esti- 
Mapes tO obtain it. 

It appears that significant improvement in methodology 
Courdag be made if mathematical programming, critical path 
emgelysisc, and parametric analysis techniques were ‘ntroduced. 
The model to be presented in the next chapter is intended as 
eeenert 1m that direction. Et is not intended to replace 
current methodology but rather to serve as a computational 
ProaVOleci would ,requce the manual effort involved in 
rudimentary calculations and would also permit wider inves- 


tigation of the variables and parameters involved. 
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Il. MATHEMATICAL DESCRIPTION OF THE MODEL 


A. GENERAL 

imemmodel 1s characterized as a static equilibrium, 
meee coctticient, linear optimization model. It has a 
iaimear objective function which is to be minimized SubseCy 
memaeset of linear production and allocation inequalities, 
Memwer bounds, and nonnegativity constraints. Linearity 
imeche model assumes constant returns to scale and basically 
esoumes that production output by construction skill 
Peeyvpines Tor a mix Of engineer troop units can be linearly 
eemoened tO Sat.siy production requirements. 

fees also assumed that production output by an indi- 
Weal skill grouping is independent of output by other 
skill groupings and that a given skill requirement can only 
pemoatbisctied by a simillar skill production capability. As 
an example, carpenter manhour output is independent of 
crane operator manhour output and crane operator requirements 
Cammen be Saevistiied by carpenter output. 

Pili tetseassumed that production is efficient in 
Piemsense thay it an optimal solution can be obtained, it 
Teele on wine boundary of the feasible production region. 

The model consists of five components; an objective 
MUMCELC, a seus OL production constraints, a set of alloca- 
tion constraints, a set of force level constraints and a set 
Sieroumerac-vity constraints. The objective of the model 


Pomeemiimd the number, by type, of engineer troop units so 


aw 





femvo Minimize the total expenditure of engineer effort 


(manhours) , 


SUbiecUsvOumceting construction requirements for 


emeorven time period, with force levels and mix not greater 


miameunose specified. Using matrix-vector notation, the 


model is mathematically described as: 


where 


minimize Z, 


subject to SX > 


and 


EX. }Objective Function 


Vv 
= 


}Production Constraints 


AX 


[Vv 


0, }Allocation Constraints 


i }Force Level Constraints 


[A 
= 


X 


Ly 
Ss 


}Nonnegativity Consvraints 


Coal manhOoursprocuction effort, a scalar. 


an effectiveness coefficient row vector of order 
ae CSipess- 5c, The element e; has dimen- 
Sitemen Ot “manhours per engineer troop unit j. 


PO omMm@emectOmor order 1, (Xi ,X5,..+,X,). The 
element xs represents the unknown number of 
engineer te aes Moos On GyYpe J. 


aera Mavelx Of Engineer unit production 
capability having elements S44 where 


S43 SEP rooucuvon Of Skill grouping i for one 
engineer =Lroop unit j. 


a column vector of order m, (wi Wo, ~.+,W_), whose 
elements represent manhour requirements By. skill 
PLOUpiie eile stpepers a given mix of construc-— 
iene Dre ecLs . 


ap xt) Matrix Of @elocation constraint coeffi- 
Clentemrepresent w specified fixed constraining 
relationships be: ween elements of the X vector. 


anmem xn 1C0entity matrix, 
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Peeeoec Wmmevector of order n, (m,,m5,...,m,). The 
element m4 is a specified upper bound on the 
tOualweuantlcy , Xj> OieehPrneer UuniG type j 

| pimowed =m the final solution. 

mo mwOvminicGmces, 1.2..,.,m, representing construc- 
wlonmeswal | groupings. 

iMamcomluUmerma1ces, l,c,...,0, representing types of 


engineer units. 


The pertinent aspects of the model parameters, variables 
and their relationships are discussed in the following 


sections, 


Be THE OBJECTIVE FUNCTION 

The basic objective in force planning is assumed to be 
tOeprovide the minimum manpower, or forces, required to meet 
mission or operational requirements. The objective function 
Seeemewmodel is therefore to minimize Ex. 

fine effectiveness coefficient vector, F, represents 
relative effectiveness of each engineer unit in the X vector. 
The unknowns, Xs» are expressed in terms of troop units 
Since force planning usually deals with troop units of 
specified type and size. The model retains the typically 
Mites tiructlure Of Such units. 

The effectiveness coefficients used in the objective 
function can be derived in the following manner. Assume 
that the effectiveness of various engineer units is linear 
PimecuillsoworetMielreconuribution to production output. Then 
a suitable measure of the total effectiveness of all the 


skills in a unit seems to be the sum of their cor: 2sponding 
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Seuumn entries in the production capability matrix S. Mathe- 


matically this would be expressed as 


where e, Meomud bos Ol —Malhiours per troop unit Jj, and Say has 


mec Ol Mannours of skill i per troop unit j. 


C. THE REQUIREMENTS VECTOR, W 
The production requirements vector is a column vector of 


@ae 1orm 


where Ws is the total skill i manhour requirements for a 


Pamvememix Ol projects. For example, the entries could 


represent 
W, = carpenter 
ee electrician manhours, 
Rs unskilled labor manhours. 


The total number of skill groupings can vary depending 
SWE newrciincemenc desired by the planner, or the intentions 


SGeoensSitivity analysis desired. Skills can be identified 


ay 





Peo eeneralsstili area, suehn as carpenters, or graded skill 
levels within skill areas such as apprentice carpenter, 
carpenter helper, master carpenter or carpenter foremsn. 
However, the planner does not have complete freedom in 
choosing skill groupings since the eroupings ean be in no 
greater detail than the corresponding grouping used in 
making construction estimates. 

PieetenwecotiMaves are detailed for some skills and not 
for others, the planner could consolidate the detailed skill 
areas. If such consolidations are made he should be careful 
to preserve the independence of skill areas. 

A derivation of the requirements vector will be presented 
below. To illustrate the process, suppose that the matrix 
of Table 2.1 has been developed from the Engineer Functional 
Cempeonents System, and that from construction estimates for 
tiemiacmlity COnStruc ion the matrix of manhour requirements 
hor the facilities of Table 2.1 has been developed and 
corresponds to Table 2.2. 

Bireomerphesproject list and data from tables such as 2.1 
paG@eeee ToOrmeel) a px G matrix F relating installation- 
Paci yereguarements whose entries, Pag represent the 
Gantt yeot facility a required for one unit of installation 
gj; (2) an mxt matrix R relating facility-manhour require- 
ments whose entries, Pij? represent the manhours of skill i 
beguired for One unit of facility j; (3) a column vector P, 
of order q, whose entries, p,, would be the quantity of each 


J 
waciablatton type J required for construction within a given 
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TABLE 2.1 


INSTALLATION - FACILITY REQUIREMENTS 





ins tatilatuen 
Racri ity a 
ieeoon Camp Hospital Ammo Admin 
3000 Man 1000 Bed Storage Space 
Frame, Roof, Foundation 170 10 0 leo 
Gidding, 8' x 100! ae HT 0 Tio 9.4 
Floor Concrete 2", 160. 0 Cao Pt 107.0 
7000 SF 
Kitchen Bldg. ce, 0 B70 0 0 
Latrine, Pit Type, 18 5.0 GG 20 20) 
8 Seats 
Storehouse 20’ x 100! 3.0 0 0 0 





TABLE 2.2 


FACILITY - MANHOUR REQUIREMENTS 


Paci 1aty 
Construc- 
tion Frame 
Skill Root Floor Latrine Store- 
Founda- Cladding Conc Kitchen Pit Type house 
tion oe 00 ame. 1000 cf) Bldg 8 Seats 20' x100! 

Carpentry 6,000 100 2 70 16 16 
Electrical 0 0 0 10 il y 
Plumbing 0 0 0 10 0 0 
Masonry 0 0 ke 0 0 2 
Common 8 ,800 10 30 ) @) 10 

Labor 
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or estimated time period; (4) a column vector Q, of order t, 
whose entries, dy» WOUldewemune quantity of the ee type of 
Pacelity required for construction within a given or esti- 
mated time period; (5) a column vector D, of order t, whose 
entries, dy» would be "corrections" to installation facility 
requirements (i.e., additions or deletions) plus possible 
separate facility requirements such as bridges, dispensaries, 
roads, etc., Por a given or estimated time period; and (6) a 
scalar adjustment factor, A’, to adjust manhour requirements 
frreulatvi1ons to account for deviations from efficiency, 
climate, weather, management, and enemy interference factors 
Peoumea am data base construction estimates. 

The vector of the number by type of facilities required 


to support installation requirements is obtained from the 


Matrix product N = FP, The vector sum 


N 
oa. + D, 
0 


imen Lives total facilities requirements. The null vector, 
O, must be included since the vector D would have the same 
dimension as the vector N only if there were no provision 
foiemseparave faciiities in the facility - manhour matrix. 
iat erie product lon requirements vector W can be 


obtained from 


W = ARQ. 


ew 





D. PRODUCTION CONSTRAINTS 

Procuctuion Constraints consist of the requirements 
vector W, the production capability matrix 5S, and relation- 
Emap oe DeLWeeN requirements and capability. For example, 
the S matrix corresponding to the data ot Rabiies> 2.) and 2.2 


meat look like Table 2.3. 


TABLE 2.3 


MANHOUR CAPABILITIES PER ENGINEER TROOP UNIT 


Engineer Unit 


Construction 

oe Tyre 1 Type 2 Type 3 Type 4 
Carpentry 22,500 en 000 14,000 20,000 
Piectrical 5 (00 8,000 3, 000 SOO 
Plumbing 5,700 8,000 2,000 5,000 
Masonry 1,800 8,000 900 2,000 
Common Labor OR COG 20,000 220010 a5 000 





The S matrix can be derived from basic data in the 
following manner. Let U be an mxn matrix where each entry 
Uy, represents the number of men with skill i in unit j. 
Let h be a scalar representing the effective proportion of 
construction hours available during the given construction 


Pernod w that 1S , 
Pes mumber of days) (hours/day) (production factor). 


The number of construction days available and the 
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Poedeurucuton hours per day are obtained from the operational 
“wuuacion, Ihe production factor would be a parameter 
eeecouncing Tor efficiency, management, climate, weather, or, 
mme2eneral, that portion of total time which would be avail- 
able for effective production. Time considered not avail- 
ates would be that consumed in other than primary production 
Serres such as security, kitchen police, messing, rest and 
meebo ravion, personnel needs, and unit movement. The pro- 
duction capability matrix S for the model can be determined 


iieem the product 
See une 


With the manhour requirements and production capability 
eewerclents specified, the associated constraint set can 
Pemwrrulen as SX > W or SX = W. 

iimerorese planning, the workload is generated by esti- 
maving only minimum operational requirements. The planner 
must also provide for sufficient resources to upgrade 
facilities to higher standards once all minimum standard 
construction requirements have been met and to allow for 
Wicemrainvies 1n project requirements. If the constraint 
were equality, no surplus resources would be available for 
Upecemeddi tional requirements. Thus, it appears more 


fea oases touconstder the inequality relationship. 


EB. FORCE LEVEL AND ALLOCATION CONSTRAINTS 
in present force planning methodology, force level and 


allocation constraints are not sericusly considered until 
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an initial solution has been developed by all planners. 
Once levels have been obtained for all forces, the engineer 
forces are then compared with the level, mix, and balance 
of theater forces and adjustments are made as directed or 
Mecessary to bring the entire force into balance, = [hus , at 
some point in the planning process, the planner is faced 
with the problem of force level and/or allocation con- 
straints. The model structure incorporates these con- 
straints from the beginning. Consequently, when the model 
emcolved, either a balanced solution results or infeasi- 
Pomerity 1S detected. 


Force level constraints are generally of the form 


where a Pope newsOlUuGion quantity of some type of engineer 
broop unit and We is the associated maximum quantity allowed. 
These constraints arise where, for example, the national 
mivemceoryeo: CoOnscruction Battalions may be such that only 

a certain number can be made available for use in a specified 
theater. These constraints, when combined into one set, can 


be expressed in matrix notation as 
as Mi. 


PulcCeameonmeenatraiite, 1m contrast to the force level 
Case Gaimus, are Usvally established by policy or precedence 


and take the form: 


| x 
nN 


Ww 
[A 
o}m 





weore a and b are positive constraints. This form can be 


rewritten as the linear inequality 
! 


ax, _ DXo 2a 0: 


For example, X, may Dewees munber toi Construction Bat— 
talions and Xo Eeewnumbpersor —ConsLrucvtion Support Companies 
which could be allotted in the ratio of one Support Company 
Pemeunree Construction Battalions. 

eee LocauviGnewconstraintcs can be collected into a set 


described by 
AX > 0, 


where A matrix consists of the appropriate allocation 
relationships. 

in the absence of policy guidance, force level con- 
Svraints can be obtained from comparative situations or 
could be developed using guidelines as to historic ratio of 
engineer forces to theater forces such as published in Army 
Manual FM 101-10-1 [1]. Allocation relationships are pub- 


ished @=in Army tables of organization and equipment. 
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ZfE, MODEL TEST AND ANALYSIS 


ieee lL hoT PROBLEM 
ieee roblem Formulation 

The test problem was to find an appropriate level, 
me, and balance of general construction Support UM poco 
Satisfy a given mix of general construction requirements for 
a 120 day operations period. 

The example problem was formulated to address only 
meemeenecral construction support case although, in the most 
Peneral engineer force planning case, certain projects of 
the required project list can be only accomplished by 
certain well defined units. For example, map and topographic 
sweoory Can Only be provided by map and topographic units. 
Dareer combat support is provided by units trained “nd 
Perebeuuread vO provide such support. However, other projects 
Suctmas @eneral construction support, can be provided by 
a variety of units and tradeoffs between units must be made. 
The model can accommodate all of these aspects. 

The formulation was typical in scope for theater 
Revel general construction sur ort requirements and was 
patterned from a similar problem being used by the Department 
of the Army to test and evaluate another large scale logistic 
computer model. While this problem constitutes a typical 
MIxeor projects, the mix has been randomly generated and 
solutions obtained cannot be used to critically analyze 


SUE MechuscrOOD Unit structures. 


Se 





HOmevessOluuton is Offered since any solution to 
engineer force levels must be viewed in context with total 
PM_ieeterorce Jevels. ).1nce the problem addressed only 
engineer requirements, and only the general construction 
Gace, the solutions can best be described io elaianical lc 
Furthermore, no attempt was made to justify any one solution 
since the intent of the test was to analyze the model and 
to determine various ways in which it would be used to 
Paw Or Improve current force planning methodology. 

en Construction Requirements 

Minimum essential installation and separate facility 
COnspruction requirements to support the 120 day operation 
were assumed to be those given in Tables 3.1, 3.2, 3.3, and 
3.4. In developing these tables, preference was given to 
wood frame structures for installations or facilities which 
Semiaebe Constructed of either wood or steel. 

Poeecvailable Troop Units 

Types of engineer troop units available for general 
construction support were assumed to be Engineer Combat 
bavtaiwous, Engineer Construction Battalions, Engineer Light 
Equipment Companies, Engineer Construction Support Companies, 
Paeinicer rors Construction Companies, Engineer Dump Truck 
Companies, Engineer Pipeline Construction Support Companies, 
and cellular units such as Welding Teams, Diving Teams, 


Electrical Power Teams, and other similar teams as required. 
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PA Bites + 1 


INSTALLATION AND SEPARATE FACILITY 
REQUIREMENTS FOR D-DAY TO D+30 


TNE 5=3501 


Item CE dees Quantity 
a. Installations 
Mammistration 25,000 SF he. 10 
Hospital, 200 Bed Gee 8 
Hospital, 500 Bed G6.122 4 
feepital, 750 Bed Cie 2 
Hospital, 1000 Bed G8.122 2 
Military Prisoner Stockade, 250 Man ND1.120 y 
P.O.W. Camp, 2000 Man NP5.120 i 
Troop Camp, 250 Man ND 32 2 
Troop Camp, 500 Man Nt2 132 2 
Troop Camp, 1500 Man Niel ese 10 
meoop Camp, 3000 Man ML Sse 3 
Tank Farm, POI, 250,000 BBL QRT5.0u6 3 
Bieeline, POL, 6" x 17 mt QD2.036 2 
Drux1 and Can Loading, POL Qa © 36 2 
db, Separate Facilities 
Hospital Facility, Lab and Dental 513422 10 
fieewiuel Facility, Dispensary, 30' x 90' 512322 10 
Hospital Facility, Dispensary, 30' x 70' 512421 10 
Shop, Autorotive, Arm. Rebuild 214321 2 
Shop, Ordnance Field Maint. Od 2 21 i 
Shop, Ordnance, G.P. Rebuild 218221 it 
Shop, Ordnance Park Company 2c tl i 
Railroad Bridge, 50' Span 861622 10 
Railroad Bridge, 40' Span 861618 20 
Railroad Bridge, 30' Span 861610 20 
Railroad Bridge, Substructure, 50'Span 861706 10 
Railroad Bridge, Substructure, 60' Span 861709 ako 
Railroad Bridge, Substructure, 45' Span 861705 80 
iirackeoingle, RR, 1 Mile 861001 teD 
Turnout, RR, No. So Us0n! 10 
Road Bridge, 110'-119' Span 852123 8 
Road Bridge, 80'-85' Span 852117 2 
Road Bridge, 60'-67' Span 852113 al 
Road Bridge, Su.structure, Max 180'Span 861065 6 
Road Bridge, Substructure, 80' Span 852203 y 
Road Bridge, Substructure, 60' Span 852202 2 
Road Bridge, Decking, 26' x 50! 852188 20.4 
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Viet se. (Continued) 


TM 5-301 


Item SoguiNo. Quantity 

Road Bridge, Substructure, Max 128' Span B52H04 y 
Road, 2 Lanes, 3" Hot Mix, Asphalt 852908 30 
Landing Ramp for LS? and DUKS, P5200! 10 

ieee x LOO’ x le" 
Landing Ramp for LST and DUKS, 152002 10 

poe OO" x 12" 
HeeeMax Asphalt Production, 1000 CY 853002 50 
Sueetacing, Dist Palliative, 1000 SY Dees: 50 
fending Kamp for Landing Craft, 1000 SY 52003 eo 
mead. | Lane, 4", Earth or Crushed 851202 20 

eeone, lL mi 
Aggregate Production, 100 CY 853005 4OO 

TABLE 3.2 
INSTALLATION AND SEPARATE FACILITY 
REQUIREMENTS FOR D+30 TO D+60 
Item ae Ree Quantity 
ae installations 

Paminrstrataon, 50,000 SF AS e132 A 
Storage, Ammunition, 5,000 Ton Arlee © 10 
Storage, Ammunition, 15,000 Ton ADSEC DA2.132 } 
Storage, Ammunition, 15,000 Ton BASEC DAZ E52 2 
erorace. Dry Cargo, 25,000 SF, Covered DSC2.132 4 
eVOmeee —UryeCarzo,, 50,000 SF, Covered DSC3.132 2 
mleemace, Dry Cargo, 50,000 SF, Open DSsolso20 i 
storage, Dry Cargo, 100,000 SF, Open US5027020 y 
puoOroze., Wry Cargo, 200,000 SF, Open DSO03 020 2 
Porn. 15" Tide, 1440 Tons/Day FP3-1.152 it 
Boke o tarde, 140 Tons/Day FP5-1.152 i 
Hosbaval, (50 bed Gaei22 y 
lmiheary Prisouer stockade, 250 Man Nie t20 a 
PaO, . Camp, 5.) Man Nee et) 2 
P.O.W. Camp, 1000 Man NPS. 20 2 
(roop Camp, 500 Mar NGL 32 } 
Troop Camp, 3000 Man ier 2 2 
Mankerarm, POL, 100,000 BBL QBT2. 236 y 
Eipeline., POL, 6" x 17 Miles QD2.036 lS 


oe 





TAPER 2 se Continued ) 


Item 


oe Ol 


Quantity 


Code No. 


ihe 





Paci tt ies 
Loe Ton 
Refrigerated, 40' x 60! 
Warehouse, Refrigerated, 80! x 220! 
Warehouse, Refrigerated, 32' x 40! 
HM@spital Facility, Lab and Dental 
Mespicval Facility, Dispensary, 30' x 90! 
Mose .cal Facility, Dispensary, 30' x 70' 
emop, Ordnance, G.P. Rebuild, 

mo" x 240' 
shop, Ordnance, Motor Veh.Assy., 

20" x 200" 
Mer. Whart, Rehabilitation, 
fei, Whart, Rehabilitation, 
Pier, Wharf, Rehabilitation, 
Pier, Wharf, Rehabilitation, 
Per, Whart, Rehabilitation, Scheme V 
Jecpey., Pol, 1000', w/20' x 40' wharf 
bein nehabilitation, 75' x 500! 
Tanker Mooring, POL, 7 Leg, 60! Depth 
Pipeline, Sutmarine, POL, 60' Depth 
Rallroad Bridge, 12¢3' Span 
Roumeoad Bridge, Type F Pier 
Railroad Bridge, 100' Span 
pameroad Bridge, substructure, Type 

F Pier 
Track Single, Railroad, 
itimemous, Railroad, No. 
Road Bridge, 80'-85' Span 
Road Bridge, 60'-67' Span 
Road Bridge, Substructure, 80' Span 
Road Bridge, Substructure, 60' Span 
Road Bridge, Decking, 26' x 50' 
Redeem e lhene. 3! Hou Mix, Asphalt 
Landing Ramp for LST and DUKS, 

eax 00" x 12" 


Separate 
fee Plant, 
Warehouse, 


Scheme I 

Scheme II 
Scheme III 
Scheme IV 


1 Mile 
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WS 2321 
431525 
431622 
oe 
513422 
bl2322 
512421 
2 Ge all 


224d 


Ico On 
150201 
SO s0n 
150401 
150501 
155 ew 
152401 
fez 
22 saay 
861952 
861729 
861644 
861728 


861001 
oomhs Oil 
Osa iy 
852113 
852203 
852202 
852188 
852908 
e002 


Mh WWWUWO NM FOV 


OVNUT UD) UT ON MPOrMMH Sem MM MM NM Pl 


MR 
=-oo oe 
oO 
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GABLE 3.3 


vol AGL ATIONVAND SEPARATE FACILITY 
REQUIREMENTS FOR D+60 TO D+90 


TM 5-301 
ee Code No. 
installations 
mPaminastration, 10,000 SF peel 32 
prorage, Ammunition, 5,000 Ton DA ele) 
weetrave, Ammunition, 15,000 Ton, ADSEC DA2.132 
eorarce, Ammunition, 15,000 Ton, BASEC DA2.152 
pmerace, Dry Cargo, 12,000 SF, Covered DSC1.132 
erotagce. Dry Cargo, 50,000 SF, Covered DSC3.132 
mueorace, Dry Cargo, 50,000 SF, Open DSO1.020 
Port, 15' Tide, 1440 Tons/Day FP3-1.152 
Port, 25' Tide, 1440 Tons/Day FP5-1.152 
Hospital, 200 Bead G4.122 
Hospital, 300 Bed Ghz 
Hospital, 500 Bed C6 ee 
P.O.W. Camp, 250 Man NE Ae a2 © 
ieonw. Camp, 500 Man NEA @ 
feeeop Camp, 250 Man Ne 32 
Troop Camp, 1000 Man Mel oe 
Tank Farm, POL, 50,000 BBL QB1.036 
Pipeline, POL, 6" x 17 Miles QD2 .036 
bepareate Facilities 
fee Plant, 15 fron 432321 
Warehouse, Refrigerated, 40' x 60! 431525 
Warehouse, Refrigerated, 80' x 220! 431622 
Hooper Facility, Dispensary, 30'x90' 512322 
Shop, Ordnance, Field Maintenance 2a 2 
Pier, Wharf, Rehabilitation, Scheme IV 150401 
igri Timber, 60" x 500°, 15' Tide eo 2 
Emer. Hm Approach Trestle, 25' Tide 150606 
Mnearti. Rehabilitation, 35' x 500' 152401 
Mnertiesltimber, 6GO' x 500', 25' Tide eS 2 05 
Menker Mooring, POL, 7 Leg, 60' Depth baie 
Railroad Bridge, 50' Span 861622 
Railroad Bridge, 40' Span 861618 
Railroad Bridge, Substructure, 50' Span 861706 
Railroad Bridge, Substructure, Max 861705 
45' Span 
Track Single, Railroad, 1 Mile 861001 
Purneuc. Railroad, No. 861301 
Road Bridge, 110'-119' Span 852123 
Road Bridge, Substructure, Max 180' Span 861065 
Road Bridge, Decking, 26' x 50' 852188 
Road Bridge, Substructure, 852404 
110'-128! Span 
Road, 2 lanes, 3" Hot Mix, Asphalt 852908 
Landing Ramp for LST and DUKS, 152001 


La TOO x 12” 


ol 





Q 
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TABLE 3.4 


INSTALLATION AND SEPARATE FACILITY 
REQUIREMENTS FOR D+90 TO D+120 





Item ede NS Quantity 
fmenscal lations 
Beorase, Ammunition, 5,000 Ton DATO 3 
Smoerage, Ammunition, 15,000 Ton, ADSEC DA2.132 2 
Seeorate, Ammunition, 15,000 Ton, BASEC DA2.152 e 
Peerage, Dry Cargo, 12,000 SF, Covered DSC1.132 2 
Storage, Dry Cargo, 50,000 SF, Open DSi o20 5 
Hospital, 100 Bed Caelee LO 
Hospital, 300 Bed G5 —22 6 
Hospital, (50 Bed Ciebec 2 
Hospital, 1000 Bed G8.122 2 
feOo.w. Camp, 500 Man NE2 eo 2 
Pw, . Camp, 2000 Men NESe eo 1 
Troop Camp, 250 Man Nise O 
iroop Camp, 1000 Man Ni 321 3e a 
Pan« Farm, POL, 50,000 BBL QB1.036 il 
Db. Separete Facilities 
Warehour2, Refrigerated, 40' x 60! 431525 3 
Warehouse, Refrigerated, 80' x 220! BB iG6 22 1 
Warehouse, Refrigerated, 32' x 40' Hee y 
Hospital Facility, Dispensary, ee om 3 
Botex (0' 
paiop, Ordnance, Motor Vehicle Assembly Be via il 
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Hpeecetistruction Policy 

The following construction policy was assumed for 
Pete@ewerlOn standards and priorities. All construction 
meguirements were to be completed to minimum standards 
(Standard 2). As construction effort became available after 
minimum-standard requirements were met, upgrading of exist- 
miperacilities to Standard 3 or higher was to be initiated 
fase Surplus construction PoC pont available. 

Rereprlornc1es , 1G was assumed that repair of 
Cxtsting jines of communications facilities had priority 
Meteounmer construction requirements. Construction of new 
Pemesmana lanes Of communications facilities had priority 
Geememcarcal and logistic facility requirements. Medical 
aaeeopisctic facility requirements had construction priority 
Over administrative and personnel housing requirements, 
meoomnOUsIneg, administrative space, staging areas, and 
replacement centers. Percentages of construction which were 
allowed to be accomplished in each of the four 30 day 
increments of the operation are shown in Table 3.5. 

Deeconseruction Parameters 

Construct loneparameters in the problem included an 
adjustment factor to relate conditions assumed in manhour 
Constrvectlon estimates to conditions assumed in the test 
problem, the number of days available for construction, the 
daily work time available and a factor for effective produc- 
PVoimurMmemrTGOrstroOOop Units. It was assumed that the military 


operation was conducted in a temperate climate and that the 


Sy) 


a 





TAB ep). 5 


| 
'PRIORITIES AND ALLOWABLE PERCENTAGES OF CONSTRUCTION 


a a a a a a a 


Allowable Percentages 








D-Day D+30 D+60 D+90 
Item PrVrority ine 1G ie Ge 
D+30 D+60 D+90 D+120 


feloair Of Existing Lines 1 100 100 100 100 
or Communication (LOC), 
New Ports, Landing 
Facilities 

Repair of Ports, Piers, 2 N00 010 Hol ¢ ROTO) 
Wharfs 

Construction of New 3 100 100 OG 100 
Roads, Railroads and 
Upgrading of Existing 
LOC 

Medical Facilities y 100 100 100 100 

Reerst1c POL Facilities 5 100 100 100 100 

Stcrage Facilities 6 75 100 100 100 
(Open) 

Storage Facilities 7 oD 100 LOG 100 
(Covered) 

Ammunition Storage 8 50 75 100 100 
hacia ries 

Administrative Facilities 9 0 50 Vis 100 

MeeoomcaMmps. olaging 10 0 DO tS 100 
Pecedon  neplacemen t 
Cenvers 

P.O.W. Camps aan OO 100 100 100 
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construction was accomplished under conditions equivalent to 
fiesc assumed in deriving construction estimates. Thus the 
requirements manhour adjustment factor was assumed to be 1.0. 
The work schedule for each 30 day increment was assumed to 
be 30 days at 8 hours per day per man. Tieworoduevion factor 
melee roOOp Units was assumed to be 0.8. This factor was 
derived basically from Army manpower authorization CriGeria 
adjusted to account for unit efficiency and assumed average 
working conditions. 
6. Bounds and Allocation Constraints 

Problem solutions were obtained under assumptions of 
Semon pounds or allocation constr:.ints; (2) bounds but no 
allocation constraints; and (3) boztn bounds and allocation 
constraints. Bounds were used as variable parameters in 
[memo roolem, and solutions were obtained by iterating or 
changing their values. A typical set of bounds and allo- 
Come@imecenstraints used tO Obtain initial solutions are 
shown in Table 3.6. These values for bounds were chosen 
arbitrarily, whereas allocation ratios were obtained from 
appropriate tables of organization and equipment. 

(Sepeconouruculon Estimaves and Skill Groupings 

Const ENecltonvestimeaves used to formulate data for 
the problem were drawn from labor and equipment estimate 
Summaries provided by the Office Chief of Engineers. These 
Summaries were originally used to develop manhour informa- 
tion published in the Engineer Functional Components Sytem. 


T..e summaries were not current but were Geemed suitable for 
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TABLE 3/6 


BOUNDS AND ALLOCATION CONSTRAINTS USED 
TO OBTAIN INITIAL SOLUTIONS 





Constraint 
meeaneer Troop Unit Eee epee eet 

Combat Battalion 30 
Pemeeruction Battalion 30 
Light Equipment Company 8 4 Combat Battalions 
Cemscruction Support Co. 10 3 Construction Battalions 
Dump Truck Company aE 4 Combat Btns., and/or 3 

Constr. Bins. 
Memeeconstruction Co. 8 4 Construction Battalions 
Peelane Constr. Spt. Co. 10 Combay Btn, end7or Constr. 


Bin. 


wean une model. In most cases, skill groupings used in 
the summaries were quite general and did not exactly match 
Mer Meee cOODNUNIt structure. The differences found were 
mainly in skills which have been changed due to changes in 
COmaeuruction equipment and in gradation of skill levels 
Vues groupings, To offset this difference, the set 
of skill groupings used in the problem were mainly those: 
obtained from the summaries. The skill groupings used are 


shewa in Table 3.7. 
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TABLE 3.7 


DeIEESGROUPINGS FOR FACILITY AND 
TROOP UNIT MANHOUR MATRICES 


Horizontal 


Construction Foreman 

Surveyor 

Suivey Necorder 

Rodman-Tapeman 

Quarry Supervisor 

Quarry Machine Operator 

Powderman 

Asphalt Finisher Operator 

wsehalt Production 
Specialist 

Mopnalt Distributor Operator 

Wenerete Production 
specialist 

Asphalt Equipment Helper 

Crane-Shovel Operator 

Crane Operator 

Grader Operator 

Crawier Tractor Operator 

Wheel Tractor Operator 

Loader Operator 

Mr ecomoressor Operator 

Cement Mixer Operator 

Ditching Machine Operator 

Peover nOoller Operator 

Water Distributer Operator 

Hoist Operator 

Pile Driver Operator 

Pipeline Specialist 

Pipeline Helper 

Heavy Dump Truck Driver 

iene co Medium Truck Driver 

Heavy Truck Driver 

Engineer Equipment Repairman 

Draftsman 

Fapeline Truck Driver 

Welder 


Skill Grouping 


Vertical 


Construction Foreman 

Carpenter 

Calpenucrene | per 

SUrPuctures’ Specialist 

Blectrician and Power 
Lineman 

Electrician Helper 

Plumber 

Plumber Helper 

Mason 

Heating and Ventilation 
Specialist 

Sheet Metal Worker 

Refrigeration Specialist 

Paancer 

Master Diver 

Diver Helper 

Rieeer 

Comba, Construcvion 
Specialist 

Construction Helper (Pioneer) 








B. SOLUTION METHODOLOGY 

The mathematical model described in Chapter II was form- 
Mesa and used to solve the problem, Fixed parameters were 
Meeemvorestablish data which could be operated on by control 
variables to determine engineer forces required to satisfy 
requirements within specified constraints for each of the 
four 30 day phases in the problem, 

Fixed parameters included: (1) the number and type of 
facilities required by each installation; (2) manhour require- 
ments by skill groupings for each facility; and (3) manpower 
pyetektil groupings for standard Engineer Troop Units. These 
Gata were obtained from the Engineer Functional Components 
System [2], labor and equipment summaries, an” tables of 
organization and equipment. 

Control variables included: (1) quantities of instal- 
lation and separate facilities required for each phase of 
the operation; (2) construction priorities and percentage 
allowable construction; (3) a requirements manhour adjust- 
ment factor; (4) construction work schedule parameters 
including the number of days, hours per day, and a produc- 
Evommiactors (5) types of Engineer Troop Units available; 
comoladmesroupings;, (7) bounds; and (8) allocation factors. 

A computer model was devised to handle the entire 
problen on the Naval Postgraduate School's IBM 360/67 
computer system. The computer model consisted of three 
submodels. The first submodel was used to establish the 


required data and to calculate the requirements vector, W, 


yy 





emomtche production capability matrix, S, for each of the 
four phases of the problem. These results were then input 
tO a second computer submodel in which control parameters 
Were specified for final formulation of the mathematical 
model. This model calculated effectiveness coefficients, 
final production matrix entries, final requirements, and 
established bound and allocation constraints. This program 
was also equipped with a capability to create dummy troop 
MMetcs with skill mix derived as ratios proportionate to 
Cemstruction requirement ratios, At this point the mathe- 
matical model was completely specified and ready for solu- 
tion using the IBM Mathematical Programming System /360 
Linear Programming model [19]. 

Mhe solutions to the linear programming (L.P.) problem 
were then evaluated. If the problem was shown to be 
infeasible then the cause of the infeasibility was examined, 
suitable changes were made in control variables to attempt 
to remove the infeasibility, and the L.P. problem was then 
resolved. This was repeated until an optimal solution was 
obtained. A flow chart showing the computational procedure 
tscdumsomime Luded an Appendix B. 

As a matter of interest, each of the first two computer 
programs required less than 130,000 bytes of computer memory 
and 15 8seconds of time. Memory requirements, for the linear 
programming solutions were less than 100,000 bytes and time 
requirements averaged less than six seconds to obtain solu- 


teomoml1Or cach phase of the problem. 


45 


—— 








C. SOLUTIONS 

For better correlation of Fngineer Combat Battalion 
eee Wilco Skills of other construction units, the Rattalion 
skills were apportioned as shown in Table 3.8. 

wome control variables were kept constant form aro t 
the solutions presented below. These are shown in Tables 
Emoeand 3.10. 

seven types of meen eneincer units were considered 
Pyeoople tor all four phases of the problem. That portion 
Sine Production Capability matrix representing these units 
thus remained constant for all four phases and is shown in 
Table 3.11. Effectiveness coefficients used for the objec- 
tive function were the total manhour values shown in the 
table. 

Requirements vectors varied for each phase due to changes 
PMO |CCusgmlx and changes in percentage allowable construc- 
tion. Percentage construction not allowed during a phase 
was carried over to the next phase and added to new construc- 
tion requirements for that phase. Construction requirements 
for each phase emer in iia pe — 3). le. 

Initial solutions were attempted using only the seven 
standard Engineer Units, with bounds and allocations as shown 
in Table 3.6. No feasible solution could be found. A solu- 
tion was found, however, when bound and allocation constraints 
were completely removed. It was not considered to be 
acceptable since the levels of forces were exceptionally 


Pacha wath learce Surplus im most skill areas. 
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TABLE 3.8 


APPORTIONMENT OF SELECT ENGINEER COMBAT BATTALION 
| SKILLS TO CONSTRUCTION SKILL GROUPINGS 








Emeineer Combat Battalion Apportionment. Skill 








okou dd Quantity Groupmne Quantity 

Demolition Te Powderman } 

Specialist Papelane Const reopee. 9g 
Cement Mixer Oper. 1 Carpenter K7 
Carpenter 5 Structures Special- 39 
Carpenter Helper al ist 
Peoetrician 5 Electrician 28 
Electrician Helper il Plumber 22 
Plumber y Mason 54 
Plumber Helper al Heat and Vent ial 
Mason i} Specialist 
Heat and Vent al Construction Helper 119 

Specialist ie 
Sheet Metal Worker 1 Hexoe. 326 
Painter 1 
Combat Constr. Spec. 160 
Pioneer Te 

Total 326 

AD ie Ss eo 


CONTROL VARIABLES KEPT CONSTANT FOR ALL SOLUTIONS 











Variable Value 


Manhour Requirements Adjustment Factor 1.0 
Number of Days 30 
Number of Hours Per Day 8 
Troop Unit Production Factor O28 
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PAB 3.10 


SKILL GROUPING CONSOLIDATIONS KEPT 
CONSTANT FOR ALL SOLUTIONS 





Data Base Skill Groupings 


Surveyor Recorder; Rodman-Tapeman 


Quarry Supervisor; Quarry Machine 
Operator 


Asphalt Finisher Operator; Asphalt 
Peocuction s;ecialist; Asphalt 
Distributor Operator; Asphalt 
Helper 


Weene—oshovel] Operation; Crane 
Operator 


Crawler Tractor Operator; Wheel 
Heactor Operator 


Cement Mixer Operator; 
Cemacruction Helper 


Poeinver: 
Fepemitie opecialist; Pipeline 
nemper 


Light-Medium Truck Driver; Pipe- 
ine Truck Driver 


eeupenver, Carpenter Helper 
Eeevrician;, @lectrician Helper 
Peunoer- sr iumber Helper 


Heating and Ventilation Specialist; 
sheet Metal Worker 


Mester Diver; Diver Helper 
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Consolidated Grouping 
for Proolem Solution 


Rodman-Tapeman 


Quarry Operations 


Asphalt Operations 


Cranesopera: or 

irecvor Operavor 
Consurucivon Helper 
Paipelive opecie List 
Light-Medium Truck Driver 


Carpeneen 
Electrician 
Plumber 


Heating and Ventilation 
Speclalase 


Diver 
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TABLE 3.12 


CONSTRUCTION REQUIREMENTS (1000 MANHOURS) 











D-Day D+ 30 D+60 D+90 
oi 1] co to eo ve 

D+ 30 D+60 D+90 D+120 
Foreman (Horiz) 45.969 Tent eS 12.048 68.338 
Surveyor Coe Bo on SCs 28.654 
Rodman-Tapeman 7.093 68.951 52.489 49,294 
Quarry Opns. 26.016 12.192 Oeroy TO S02 
Powderman POO ioe OvG20 Ono72 
Asphalt Opns. e061 de oe 5.766 eT o0 
Concrete Production 0 One 0 0 
Crane Op. 28.193 65.602 LOG 7 Oso 52 
Grader Op. 20.950 60.332 47.365 52096 
Tractor Op. 89.299 2a (53 185.154 194.431 
Loader Op. 0.456 Or ay 0.068 0037 
aaeecomp, Op, esl 18.554 14, 665 0.980 
biwely Mach. Op. 2226 1.506 3.316 3.069 
Mewer ROL]. Op. Sooo ie 73h 8.532 10.475 
Water Dist. Op. 3.628 5.318 2.703 4.879 
howst Op. 0.060 On 52 0 0 
PioteoeWr, Op. Be el) 6, 242 13,466 0 
Pipeline Sp. 2G S)s, Oil f 93.038 62.297 
noveerumnp Trk, Op. 49,234 119.658 92.591 82.426 
Light-Med Trk. Dr. 39.907 52.058 46.435 Wo .394 
Have Veh. Dr. 14.682 OWA 25.685 Be 
Pegi. Equip. Rpmn. fq. 104 54.206 BO. 304 53.635 
Draftsman De S229 62070 6.150 
Welder 1.662 49,609 7 co Gee 
Foreman (Vert) 58.203 Clee 40 106.434 69 2070 
Carpenter 411.432 O258032 se lO0s., 759 679.243 
Structures Sp. 14.924 17.180 RO O72 5.184 
Electrician ie6.20 3 MOO ed 176.452 USO. 4110 
Plumber Ose Ty 94.024 196.850 196926 
Mason eu O 30.287 ge on 27 301 
Heat. and Vent.Sp. Sees Gece O77 52 7.439 
Refrig. Sp. 0 Tae 2.480 3.760 
Diver @) 2 304 io C0 0 
Rigger Zee 0 Hi 34 8.454 Cages 
Constr. Helper 6 fom ele sd S08) 1087.553 1064.555 
Total Horizontal USO? elod2s719 1355.77) 12386.159 
Total Vertical ito (ome sdeems 20902 .247 1696.15) 
Total Manhours PiGgecoweeso7 504 2448.018 2934. 310 


De) 





The "unconstrained" results obtained were explainable 
by shortfalls (i.e., manpower shortages in requisite skills) 
Bimegeanderd unit structure for a subset of the total set of 
skills. This exercise showed the value of the model's 
capability to detect infeasibility and to indicate which 
Skills would have to be changed to tailor the units for the 
paavyen Construction situation. 

By analyzing the MAfedei bilities detected it was possible 
womereave Gummy cellular troop units for a specific skill or 
Siieset Of Skills and add such units to the production set. 
pimalar units were formed for skills which did not have 
iieecatbiiivies but which had little or no slack at the 
time infeasibility was detected. 

The dummy cellular units which were formulated are shown 
in Table 3.13. These units were either drawn from appro- 
priate tables of organization and equipment or were arbi- 
Teotiyesi Zea as typical squad or company troop units. 

With this augmentation a feasible optimal solution was 
obtained; Table 3.14 shows troop levels and Table 3.16 shows 
Sep lus —cOnstvruction capability. Comparisons of total man- 
hours required versus total effective manhours available at 
Praia y ware shown in Table 3.15. 

An alternative approach taken to resolve the infeasibil- 
ity problem was to formulate dummy units represe ting 
Bavvelton size forces. Three types of units formulated 
ineludecdsasunit with both horizontal and vertical construc- 


Pomme avabmiteyema Unie with only horizo. «al construction 


Bie 





PAB GES a3 


DUMMY CELLULAR UNITS CREATED TO REMOVE 
PEAS et Tibo FROM THE TEST PROBLEM 


Dummy Unit 
ieencvitfication 


survey Team 


Quarry Team 


Diving Team 
Electrician Team 
Carpenter Team 


r- 


Pipeline Team 
P¥umber Team 

Heat & Vent Team 
Rigger Team 

Pile Driving Team 
imock Driving Team 
Cemsur. Helper Team 
Mason Team 

Refrigeration Spec. Team 
Ditch. Machine Operator 
Constr. Helper Company 


Welding Team 





Composit len 


Skill Grouping 


Surveyor 
Rodman-Tapeman 


Quarry Operations 
Powderman 

Crane Operator 

Loader Operator 

Heavy Dump Trk.Operator 
Engr. Equip. Repairman 
Consctmuce ion Helper 
Diver 

Pileerriclan 

Carpenter 

Pipeline Specialist 
Plumber 

Heat & Vent Specialist 
Rigger 

Filer priver Operator 
Medium Truck Driver 
Consvructicn Helper 
Mason 

Refrigeration Specialist 
Ditching Machine Operator 


Consurucuiom Helpex 


Welder 





BI} 


Quantity 


MOE reorlr— Ne 


\O 


i2 
EZ 
eZ 
AZ 
ale 
2 
Lez 
2 
kz 
EZ 


eZ 
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PABILE 3.14 


OPTIMAL TROOP UNIT LEVELS FOR GENERAL CONSTRUCTION 
SUPPORT WITH CELLULAR UNIT AUGMENTATION 











Quantity of Troop Units Required 


Engineer Troop Unit D-Day D+ 30 D+60 D+90 
tO GO Ze CO 
D+30 D+60 D+90 D+120 
Coiipbat Battalion 24.5 0 eG 4.0 
Comsetruction Battalion 8.9 foes eee 13.3 
Light Equipment Company 0 0 0 0 
Constr. Support Company S20 BS 0 0 
Dump Truck Company 0 0 0 0 
Port Constr. Company On a4 a0 0 
Peeelaine Constr.Spt.Co. 0 Ono @) 0 
Quarry Team O22 0 0 0 
Diving Team 0 Ome 0 0 
Electrician Team 27.1 0 23.4 u6eS 
Carpenter Team LOZ. 2 205.0 5 i206 LTS22 
Pipeline Team 89.3 Boao B21 22) AG 
Plumbez: Team be. ill 0 33.4 37.9 
Survey Team ANGE 143.9 122.0 ioe 6 
Construction Helper Team 25 i 501.0 372.5 HOOs 1 
Heat &Vent Team 0 1.4 @) 0 
Rigger Team 0.9 ee n26 ipeul 
Pile Driving Team Aet6) 5.6 4.8 0 
temek Driving Team eset 6.6 Hcl Epes) 
AU Meibaehae Son dhs) 


TOTAL MANHOURS REQUIRED VERSUS TOTAL EFFECTIVE MANHOURS 
AVAILABLE AT OPTIMAL TROOP UNIT LEVELS WITH 
CELLULAR UNIT AUGMENTATION (1000 MANHOURS) 





D-Day D+ 30 D+60 D+90 
Total Manhours to to EO TO 

D+ 30 D+60 D+90 D+120 
Available PO83s2 1 4304 ,014 HOLT O00 3607.405 
Minimum Required Pio]. 204 3597.584 3448.018 2034) 310 
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Pease 306 


SURV EUS CONSTRUCTION CAPABILITY AT OPTIMAL TROOP 
UNIT LEVELS WITH CELLULAR UNIT 
AUGMENTATION (1000 MANHOURS) 


Surplus Construction Capability 


Skill D-Day D+30 D+60 D+90 
te tO ico Go 
D+30 — D+60 D+90 D+120 
Foreman (Horiz) 259 72 H5 483 ules BOS 
Surveyor 0 0 0 0 
Rodman-Tapeman 2.065 8.925 hie 5O.3 12 359 
Quarry Opns. 0 28.828 1231 Sao 
Powderman 5.393 9.426 6.975 5.683 
Asphalt Opns. @) 2576 nO. 502 MO eS 
Concrete Production 10.342 A559 oe Ow 5 35 
Crane Op. O22 tT 0 0 32.032 
Grader Op. rou 5 0 6.402 Oe noi 
Tractor Op. 44.652 Seco ie 5 2 0 
Loader Op. 40.695 SO. ted To025 63.466 
Pee comp, Op, Aes 4 lees. 34.584 ie 234 
taeede Mach, Op. ela 6,474 1355 22046 
Power Roll. Op. Loe 168 ee oeit aol HN. 
Water Dist. Op. 6.684 14.793 iui 309 10.466 
Hoe. OD. 0 2.400 Zoo @) 
Eaoke Dr, Op. 0 0 0 0 
Pipeline Sp. 0 0 0 0 
ives Dump Trk. Op. Geol 7 Wo, 824 OO ef 76.810 
Light-Med, Trk. Dr. 0 0 0 0 
fu Ven. Dr. Hy O07 LI Sye SiSuk 61.308 62.044 
Ener, Equip. Rpomm. 134.135 oe e 6 iO 7602 ie CO 72 
Draftsman tO. 265 18.565 dO 9 12523 
Welder 19,002 0 Slee oe 200. (lat 
Foreman (Vert. ) 0 bacO?2 0 0 
Carpenter 0 0 0 0 
Structures Sp. 22975 8.969 64.629 40.198 
Electrician @) oe 224 @) 0 
Plumber 0 3.000 0 0 
Mason HOS 10 16 10 T6030 HH ,979 
Heat & Vent Sp. 2.850 0 10.048 6.148 
Retire, OD. 5.156 2.935 526 3 2 0irs 
Diver C6 0 6.494 0 
Rigger 0 0 0 0 
Constr. Melper 0 0 0 0 





. or 


1, 





feos lipy, ana 2 Unit with only vertical construction 
capability. These three dummy units were then added to the 
Peieinal Emeineer [Troop Unit production set. 

The skill mix in each of these dummy units was obtained 
tame ravlos proportionate to construction requirements 
memos, Hach skill level was based os tne rabio ol that 
skill manhour requirement to total manhour requirements. 
Prounmny NOrizonval construction units, each horizontal 
feeeetevel was based on the ratio of that skill manhour 
requirement to total horizontal manhour requirements. Simi- 
foamy Vertical formulation was based on total vertical 
Meammoursreauirer=ntbs. Results from the initial solution 
Gbueined Using this approach are shown in Tables 3.17. 3.18, 
emcee s.19., 

The structure of the three dummy units was changed for 
each phase of the problem since it was based on requirements 
Wiemechianeed with GCachn phase. The structure used for phase 
mon. DF30 to D+60) is shown in Table 3.20. 

A third approach to solving the problem was to add to 
bowen celiuiar Units and dummy Battalion sized units to the 
PEoaucrion Sees. Results obtained with this approach are 
snowmen bables 3.¢c1 and 3.22, 

itesnoula be noted that the initial solutions were 
CheeiieamwtrhnouLl any bindings constraint by force levels 
and mix. The force levels used for the initial solution 
WerespuUlposeiy chesen sufficiently higfh for this test in 


order to obtain a solution which could then be subjected to 
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EAB Salat 


OPTIMAL TROOP UNIT LEVELS FOR GENERAL CONSTRUCTION 
SUPPORT WITH BATTALION SIZED UNIT AUGMENTATION 


Engineer Troop Unit 


Combat Battalion 
Penmocruction Battalion 
Light Equipment Company 
COmscer., support Company 
Dump Truck Company 

Peer constr. Company 
Paipemane Constr.spt.Co. 
he~wea., & Vert .Constr.Unit 
meee, Constr. Unit 

ee. Constr. Unit 


Quantity of Troop Units Required 





D-Day D+ 30 D+60 D+90 


LO EO EO tO 
D+ 30 D+60 D+90 D+120 
On2 Ore 0.4 le) 
On 2 2 0.9 Orc 
0 0 0 0 
0 0 0 0 
0 0 0 0 
Oe 0.6 On 0 ‘ 
0 0 el 0 
Boe 0 aa 2G 
eg 13.8 1One 8.8 
S20 a9 152 aes 
TABLE 3.116 


TOTAL MANHOURS REQUIRED VERSUS TOTAL EFFECTIVE MANHOURS 
AVAILABLE AT OPTIMAL TROOP UNIT LEVELS WITH 
BATTALION SIZED UNIT AUGMENTATION 
(1000 MANHOURS) 


D-Day | D+ 30 D+60 D+90 
Total Manhours co Eo tO CoO 

D+30 D+60 D+90 D+120 
Available 2303.266 3952.092 S666390) 3100.,154 


Minimum Required oO: 


284 Boot o 3448.01R 2934.310 





i 





eee oe 


SURPLUS CONSTRUCTION CAPABILITY AT OPTIMAL TROOP 
UNIT LEVELS WITH BATTALION SIZED UNIT 
AUGMENTATION (1000 MANHOURS ) 





ekill 


Foreman (Horiz) 
puieveyor 
Rodman-Tapeman 
Quarry Opns. 
Powderman 
Asoealt Opns. 
Gonerete Production 
Crane Op. 

Grader Op. 
imeactcor Op. 
Loader Op. 
haeeecomp. Op. 
Dieem. Mach. Op. 
Power ROl1. Op. 
Water Dist. Op. 
Hose Op, 

Fame Dr, Op. 
Pipeline Sp. 
Bvyeeepump Trk, Op. 
Light-Med. Trk Dr. 
hivy. Veh. DR, 
Ene. 2quip. Rpomn. 
Draftsman 

Welder 

Foreman (Vert) 
Carpenter 
ServecuUres Sp. 
Plectrician 
Plumber 

Mason 

Heat & Vent. Sp. 
Remmi. OD. 

Diver 

Rigger 


Celict re. .elper 





DUE iWeme onstruction Capability 


D-Day 
tO 
Dr30 


CO 


Seis! 
0 


0 8 
404 
.089 
eos 
-eos 
Site 
e102 
mOcu 
.985 
0 


0 

pals 
-035 
~ 844 
ero 
SSIS, 
642 


per] CO) tal OA dO IND 


KW 
ooo ST Oe = CUO OLS Loeyer©@ 
NO 
(es 
=) 
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NO 
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UW 
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D+30 


to 
D+60 


23.323 
(203 
5.636 
2s 
peo 
273 
8.116 

10.645 
Geen 

hh hye 

14.964 
8. 349 
Ney ou 
2, 1133 
Pargi 
4,805 

0 

2 gd 

28.133 
Sepoe 

V7ae52 

37.491 
3.480 

13.979 
9.070 

0 
5.081 

Ie eioal 

Testes) 
6.041 

0 
0 
O00 


0 
29.892 
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HH 


093 
~490 
~460 
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ey 
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ee 
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2414 
aoe. 
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TABLE 3.20 


MANPOWER FOR DUMMY BATTALION SIZED UNITS USED FOR 
D+30 to D+60 AUGMENTATION OF STANDARD UNITS 





Dummy Battalion Sized Unit 


Ske Hor. ZOMtal 
& Vertical Hora zontal Vertical 
Capability Capability Capability 








Foreman (Horiz) les 28 

Surveyor 6 13 

Rodman-Tapeman le ea 

Quarry Opns. 2 y 

Powderman 2 (a 

hemmalt Oons. 2 4 

Concrete Production 2 2 

Crane Op. alae 25 

Gisacder Op. 0 23 

iieaetor Op. 43 95 

i@eder Op. 2 2 

PameecComD. Op. 3 fi 

Mace. Mach. Op. 2 2 

Power Roll. Op. eC y 

Weaver Dist. Op. ] 2 

poms t Op. 2 2 

Baste Dr. Op. 2 6 

Pipeline Sp. le 37 

hayes Dump Trk. Op. 21 47 

Light-Med.Trk. Op. 9 e 

Hvy. Veh. Dr. 3 8 

Ener. Equip. Rpmn. 9 eal 

Draftsman HF 3 

Welder 8 19 

Foreman (Vert) 16 30 

Carpenter Guy 307 

Structures Sp. 3 > 

Electrician 19 36 

Plumber 16 Sal 

Mason 5 1.0 

Heat & Vent Sp. 1 5 

Re Peer OD. als 2 

Diver 2 y 

Rigger it es 

Constr. Helper Bea U7 209 
Total 650 650 650 
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MARPLE S.e1 


OPTIMAL TROOP UNIT LEVELS FOR GENERAL CONSTRUCTION 
SUP PO avin PATTALION SIZED UNIT 
AND CELLULAR UNIT AUGMENTATION 








Engineer Troop Unit D-Day D+30 D+60 D+90 
tO tO vO Le 
D+30 D+60 D+90 D+120 
Combat Battalion OL eal On 0 Ore 
Cemeuruction Battalion aan 0.9 ine de 
Light Equipment Company 0 0 0 0 
Constr. Support Company Once 0 0 Oe 
Dump Truck Company 0 0 0 0 
Peomeeconstr. Company 0 On OL 0 
Pipeline Constr.Spt.Co. 0 On 0 0 
Quarry Team Oat 0 0 0 
Diving Team 0 O44 0 0 
Electrician Team 0 0 2 16 
Carpenter Team aeeO O36 Gees 229 
Pipeline Team 44 0 2.5 2.2 
Plumber Team Ie) 0 i ee 
Survey Team Tae 9.6 ied Cm 
Constr. Helper Company O25 Ore 25 Sec 
Heat & Vent Team Ont O79 0.5 0.8 
Rigger Team 0 ee O29 0 
Pile Driving Team Oe aa Oy 0 
Truck Driving Team Omg One diel es 
Hemrzyee Vert.Constr.Unit 15 Owe S27 0 
Periz. Constr. Unit by, 6 Ce? 8.8 O72 
Vere, Constr. Unit 8.2 G21 Nes 126 
Mason Team 6) 0 0.8 0 
Refrig. Sp. Team 0 0.4 0 Oe8 
Ditch Mach. Op. 12 0 0 i 
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PAelE  3.2e 


PURPLUS@MCONSTRUCTION CAPABILITY AT OPTIMAL TROOP 
| UNIT LEViLS WITH BATTALION SIZED AND CELLULAR 
UNIT AUGMENTATION (1000 MANHOURS ) 


rn a a a 
———————=E=S=S=SSa=aEEaaaaSeaeaeaeeEeEeEaEeEEEeE——qXEXXX{X&{X——E_——~—-X—”=&z—_———_————EE a 








DuUepIUG Consuruction Capability 


 -D+30 


skill D-Day D+60 D+90 
co GO to vo 
D+30 D+60 D+90 D+120 
Foreman (Horiz) ee al 5.389 pol 2,195 
Surveyor 0 0 0 Or eae 
Rodman-Tapeman Zl S358 2.568 0 
Quarry Opns. 0 0 12 OS 
Powderman 0 6.609 We 2 pene 
Asphalt Opns. 0) Oc 166 0,056 oo 
Concrete Production 0.819 8.226 13595 co 
Crane Op. 0.668 0 0 oer6 
wrader Op. O.972 0 0 0 
Tractor Op. 5.390 10.303 5.668 2 om 
Loader Op. Dn iol OS 01S Sao 9 
fabeecomp. Op. 0.953 1.846 eee 62ers 
Pion, wach. Op. 0 6.153 0.340 0 
Power Roll. Op. 0.344 2 0.656 0 
Water Rist. Op. 0 3.056 ios 0 
Homes UC , Bales 6.489 0.245 0 
fates Dr. Op. 0 0 0 0 
Pipeline Sp. 0 0 0. 0 
hve Dump Trk. Op. 4,055 7.149 beosD 6.198 
Light-Med. Trk. Dr. 0 0 0 0 
hvver veh. Dr. Bilao 4.110 6 Oil 4.542 
PHoeaeeauip., Rpmn. Ceti ie Oe 12 554 
Draftsman On 5 it 0 0 Om foie 
Welder 18 32 0 6.437 Br ciel. 
Foreman (Vert) On ale 0 0 0 
Carpenter 0 0 0 0 
Sernetures Sp. 0 0 Gelkou 0 
Electrician 0 Ooo; 0 0 
Plumber 0 0.445 0 0 
Mason Ou 0.653 0 1.504 
Hedge. & Vent. Sp. 0 0 0 0 
Reteaes Sp. 0.408 0 O50 0 
Diver 0 0 Poo 0 
Rigger 0 0 0 Bese 
Cone tr, Melper 0 0 C 0 
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Peeemoevere constraints. Once initial solutions were 
obtained, bound levels were set lower than optimal levels 
and attempts were made to find new solutions within bound 
and mix constraints. With this approach it was observed 
Meeeespecifying both allocation and bound constraints could 
yet restrict the problem. 

A better approach to solving the problem eo ZO, DELO 
eliminate allocation constraints and to set bound levels 
Oye on all key units. In this manner, a unit would enter 
moo hclonerelarive Co its contribution to production 
Without restriction imposed by some other unit's contribu- 
tion to production. Tables 3.24 and 3.25 show solutions 
obtained with bounds as shown in Table 3., 5%. Table 3.25 
summarizes comparisons between effective manhours available 
and minimum manhours required using all solution approaches. 
Table 3.26 shows the effect of removing allocation con- 


Sereiics from the solution shown in Table 3.21. 


D. ANALYSIS 

ie oeeolem solutions 

An important outcome of the solutions was the 

evidence of an obvious shor‘ age of manpower in vertical con- 
struction capability and in construction helper (unskilled 
Waper meapapa lity sof standard Engineer Units. The results 
clearly illustrated the mejor Reaves of current method- 
ology of determining troop unit levels on the basis of 


Touclmemannourscaleulations. Such calculations would not 
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PAB cE 3.23 


BOUNDS CONSTRAINTS ON QUANTITY OF TROOP 
UNITS ALLOWED IN FINAL SOLUTION 


~oaIuama>~=EeEEEEEEEaeEeaoaoaIyIySESESeEeESeEeSeeeeSSeeT eS SS ee = shee a ee 





Engineer Troop Unit ee 
Combat Battalion 8 
Construction Battalion 2 
Light Equipment Company 8 
COnstructton Support Company 10 
Dump Truck Company 5 
Fort Constr. Company 8 
Pupetime Colstr, opt. Company 10 
HOmiemece vert, Constr. Unit 0 
Heomuzenval Constr. Unit 2 
Veaeneal Gonstr. Unit 6 


mevealscehe mature and extent of the shortage shown by the 
linear programming model. 

woarcronally, the linear programming model cleerly 
showed the type and amount of minimum surplus construction 
capability associated with each solution. With current 
Meumocolosy = this type of information is not known even 
Pisum uets agosumead that there will be sufficient surplus 
Domuperade facilities and to cover slippages or uncertain- 


ties in estimates. The results indicated that there would 
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TABLE 3.24 


OPTIMAL TROOP UNIT LEVELS FOR GENERAL CONSTRUCTION SUPPORT 
WITH BATTALION SIZED UNIT AND CELLULAR UNIT AUGMENTATION 
(WITH BOUNDS SHOWN IN TABLE 3.23) 

(WITH NO ALLOCATION CONSTRAINTS) 








eee 








Quantity of Troop Units Required 





Engineer Troop Unit D-Day D+30 D+60 D+90 
co Lo CO CO 
D+ 30 D+60 D+90 D+120 


rr er ep eer enews 


Combat Battalion 0 0 0 0 
onstruction Battalion | ; : 
Light Equipment Company ee 8.0 O26 Ounce 
Constr. Support Company 2.8 

Dump Truck Company 0 

meer COnSstr., Company 0 
Pipeline Constr.Spt. Co. 
Quarry Team 

Diving Team 

Electrician Team 
Carpenter Team 

Pipeline Team 

Plumber Team 

Survey Team 

Censer, Helper Company 
Cenmser., Helper Team 

Heat & Vent Team 

Rigger Team 

Pile Driving Team 

Truck Driving Team 

Hote ex Vert.cConstr.Unit 
Hemciz constr, Unit 
NMetv,. constr, Unit 

Mason Team 

hetrig. sp. Team 

DaGbenw Mach. Op. 

Welding Team 
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PABEE. 3.25 


TOTAL MANHOURS REQUIRED VERSUS TOTAL EFFECTIVE MANHOURS 
AVALDABLE AT OPTIMAL TROOP UNIT LEVELS WITH BATTALION 
SIZED UNIT AND CELLULAR UNIT AUGMENTATION 
(1000 MANHOURS) 





— oS Se 
sennours D+30 D+60 D+90 D+120 
Available? Poeeeay; Waele) ~4e17.600  3607.105 
Available 2279.443  4148.562 3908.711 3377-279 
Available? 2303.266 3952.092  3696.398  3100.154 
Available’ 2151.2H0  3683.892  3524.517  2998.289 
Available> 2141.878 3683.892  3516.674 2998.289 
Min. Required nO eo 3597.584 3448.018 2934.310 





loellular unit augmentation only with bounds and allo- 
cations as shown in Table 3.6. 


“Cellular unit and Battalion sized unit augmentation 
vasemebounds as shown in Table 3.23 and no allocation 
Gonstraints. 


3Battalion sized unit augmentation with tounds and 
allocations as shown in Table 3.6. 


Seema unit and Battalion sized unit augmentation 
with bounds and allocations as shown in Table 3.6. 


2Cellular unit and Battalion sized unit augmentation 


with bounds as shown in Table 3.6 and no allocation 
€@nstraints. 
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TABLE 3.26 


OPTIMAL TROOP UNIT LEVELS FOR GENERAL CONSTRUCTION SUPPORT 
WITH BATTALION SIZED UNIT AND CELLULAR UNIT AUGMENTATION 
(WITH BOUNDS SHOWN IN TABLE 3.6 AND NO ALLOCATION CONSTRAINTS) 


———S=——— eee Cee sa aoe ee aaa a eases eS Eee ttt—“a_eOO— 


Quantity of Troop Units Required 











Engineer Troop Unit D-Day D+ 30 D+60 D+90 
to uO to tO 
D+30 D+60 D+90 Die 
Combat Battalion Ona: Orel 0 Ge 
Construction Battalion 0.4 0.9 126 1.2 
Light Equipment Company 1.0 O26 
Gonstr. Support Company Ceo Ol 
Dump Truck Company Cre 0 
Por, Cc Str. Company 0 0 ae 0 
foe line Constr.Spt.Co. 0 2 0 
Quarry Team 0 0 
Diving Team 0 0.4 0 
Electrician Team 0 0 Oral lea 
Carpenter Team 5 One 21.2 2 ao 
Pipeline Team On, 3.4 .2 
Plumber Team 0.5 0 266 Ps: 
Survey Team TOS Oey 504 6 
Constr. Helper Team Oey 210 one 24.0 
Heat & Vent. Team Creal 0.9 O26 One 
Rigger Team 0 ie 0.3 
Pile Driving Team Ore 1 O25 
Truck Driving Team 20 Oe 12 iS 
Horiz. & Vert.Constr.Unit ine 10.7 0 0 
Het Constr, Unit Gea One 9 G2 
Verteeconstr. Unit O.3 ua 15 236 
Mason Team 0 0 Ore) 0 
Refrig. Sp. Team 0 O..4 0 Os 
Diteh Mach. Op. 0 0 25 Wve 


gr 


66 





Pemeittle Surplus vertical construction capability above 
i@ete required for minimum essential tasks. 

| It should also be noted that the initial feasible 
solutions were obtained on:y by assuming availability of 
some type of augmentation for standard units. Entering 
dummy units into the production set provides a basis for 
controlling assumptions usually made in current methodology 
concerning augmentation of standard Engineer Troop Unit 
and meeting requirements with use of indigenous forces. The 
dummy units used in the solutions could be assumed to be 
Oueely military units, units with military and indigenous 
Pagor mix, Or purely indigenous units. Such units could 
also represent contract capability if U.S. contractor “orces 
are admitted to the operations. 

The series of solutions presented amplify the point 
that a range of solutions can be obtained contingent upon 
Peanner assumptions and policy restrictions. An important 
aspect of the model is that the effect of such assumption 
ana policy restriction can be delineated. 

Duets possible to derive troop levels such that 
total effective manhours available very closely matches 
requirements. If the operation is conducted over a long 
time frame these levels could be used to specify time phased 
troop requirements. If effective manhours match require- 
ments and there is still a requirement to upgrade facilities, 


the additional work could be introduced as a bonafide 
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Mequirement rather than as an assumption. This would 
increase data requirements and would increase planner effort 
Memacrive the added project lists, but the return would be 
a better understanding and development of force requirements. 

Another factor to consider in evaluating the solu- 
fees presented is whether or not the true solution to the 
problem should be integer valued. The test problem only 
considered general construction requirements whereas troop 
units such as Engineer Combat Battalions may also be required 
ferwouhner tasks. If this is true then a fractional aes 
Giescuch Units may really be required for general construction 
support. However, requirements for troop units whose sole 
Peeweis general constructicn support should be integer 
Weenecaw eit One desires to find optimal solutions which are 
integer valued then integer programming tec niques, such 
as those proposed by Gomory [18], should be used. 

Integer valued solutions may be quite different 
moomepiose OOtLained by rounding fractional solutions. 
Whether integer valued solutions would be any better is 
questionable if maximum values obtained during any one time 
phase are chosen as the desired solution for all time phases. 
Furthermore, one cannot arbitrarily round off the values 
Piven borintvesers and retain assurance that they represent 
feasiplessolupions to the problem. 

2. Model Advantages and Disadvantages 
The test problem revesled several advar.*ages and 


disadvantages of the model. Cr principal advantage is the 
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improved information and problem control obtained. In 
addition, it should greatly reduce manual calculating effort 
eMeecime and thereby permit the planner to place more effort 
on determining requirements and evaluating the effect of 
assumptions. 

The ability to quickly change a set of assumptions 
and resolve problems is an advantage not enjoyed by present 
Mewnodology. This Wee antare Sieve modell can permit not 
Only better evaluation of any one solution but also permits 
wider analysis of alternate solutions. 

The model also has an ability to evaluate the 
memduence Of allocation constraints. The removal of allo- 
Cation constraints permits each competing engineer troop 
Upeeco enver the solution solely on the basis of its 
relative effectiveness in the given situation. In this 
manner the suitability of e location rules can be examined 
by comparing solutions obtained with and without allocation 
constraints. 

Maewmetnodology used in solving the test problem 
was designed also to indicate the model's adaptability to 
real time remote terminal computer applications. Although 
tne primary data for force development planning couldne 
very large, the data requirements for a given problem should 
not be excessively large. By extracting data from a main 
data base one can form data suitably sized for terminal 
operations. This approach was taken in solving the test 


problem and proved to be extremely valuable since it 
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Peevrced considerable flexibility for changing control 
variable emceparameter values and in evaluating results. 

: Im general, the test problem showed that the model 
could provide reasonable solutions to the problem of 
Gevermining the proper level, mix, and balance of engineer 
forces required to support given theater requirements 
subject to manpower and policy constraints. It accounted 
for a wide range of planner assumptions and provided a 
means for evaluating the influence of these assumptions on 
the solution. Offsetting its complexity is the reduction 
im time required to develop solutions and the greater 
information and insight it provides to the force planning 
peoolem over the existing approach. 

A disadvantage of the model is that it introduces 
Mewemwcomolexity into the calculating process than the 
Current approach. The current methodology is quite simple 
and can be accomplished manually whereas the model requires 
@ simultaneous solution to a large set of equations which 
cannot be easily solved manually. 

Another disadvantage is the data requirement. As a 
iMioemnUtiweune model should have access to three sets of data. 
These are installation facility requirements, facility 
manhour requirements by skill grouping, and Engineer Unit 
manpower by skill grouping. The Engineer manpower data 
requirement is no serious problem. The other requirements 


ieee 
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This disadvantage is partially offset by the fact 
that installation facility requirements data has already 
Meem Geveloped for computer application in the Engineer 
Functional Components System, Facility manhour requirements 
by skill grouping data has not been developed, but essential 
information is available in labor and equipment summaries 
woeeen Could be updated and published as an extension of the 
Engineer Functional Components System. The seriousness of 
the facility manhour requirements data development is 
dependent on the intended level of usage. 

If one desires a complete data base for world wide 
@ppetecatvion, such as the Engineer Functional Components 
myecem, chen the effort required to develop the date will 
be large. On the other hand, such date could be developed 
in stages as it is required for given force development 
Peoplems, for each Successive problem solved, new data 
could be developed as required and added to a growing data 
base. Thus the data base would be developed and updated as 
meGuEreds@ver a period of time. It could eventually evolve 
into a base comparable with the Engineer Functional Com- 
ponents System. 

Another possible disadvantage of the model is that 
iMmlomi@cume closed model for solving for force level, mix, 
ppomveeadces) It 1s nor closed in that the planner must 
evaluate the output and make changes as necessary to derive 
acceptable overall solutions. The model is intended to 


Gs ieempaceplanning process and, in particular, to serve as 


a 





meGatcUlatving aid to the planner and not to replace him. 
That the model requires interface with a planner for most 
profitable use is not a serious disadvantage since the final 
Solution to the probiem will enjoy the benefits of planner 
ability to make judgments and decisions, and the model 
ability to accurately calculate and relate these judgments 


and decisions, 


ee 





IV. ALTERNATE FORMULATIONS AND EXTENSIONS 
| 


i POLICY CONSTRAINTS 

The formulation described in Chapter II can be extended 
bemaccount for piulicy constraints pertaining to standards 
of construction, priorities and/or allowable percentages of 
construction. The Engineer Functional Components System 
C6qes installations and facilities in terms of general 
wWeeetories Of construction and, additionally, codes instal- 
ieeoms in terms of standard@ of construction. Policy 
Pegetraints relating to standards of construction would be 
satisfied by either limiting the F matrix elements to 
Beem eGorlacve Suandards of construction or by extracting from 
The F matrix only that portion that satisfies standards 
Comstraints. 

Priorities of construction and/or allowable percentages 
of construction can be identified with general categories 
of construction which in turn can be related to specific 
Pocmlities., The requirements vector can be obtained for 
ties casesby first Sane ne the previously defined P, Q, 
and D vectors from facilities "required" to facilities 
"desizr-d" subject to allowable percentages of construction. 
For a given phase, Q would be calculated as previously 
@e=7rtpeq. One can “hen form: a txt matrix, Ay? with 
diagonal elements representing the allowable percentage for 


Gonstruction of a given facility during a given time phase, 


ie 





and zeros for all other elements; a column vector, B, of 
order t, whose entries would be the difference between the 
O@varnvity of facilities "desired" and "allowed" for con- 
struction within a given time period; a column vector, Qo» 
of order t, whose entries would be the quantity by type of 
feremlities “allowed" for construction within a given time 
eeeerec, and a column vector, M, of order t, whose entries 
would represent the total construction requirement for a 
given time period. 

For the first phase of an operation, B could represent 
construction which had been in progress and must be finished 
feresupport of the operation, or it could represent carry- 
ever construction which had not been allowed for a previous 
Period, On the other hand, Q@ would be new construction 
Support required for the time period currently being con- 
Peeerca, ihe total construction requirement for the current 


poemroa would be expressed by the vector sum 
M = B48. 


By specifying the matrix Ay in consonance with allowable 
Berecentagpes Of construction, allowable construcvion would be 


pie matrix product 


and the product 
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would provide the production requirements vector for the 


given time period of the operation. The vector difference 


B=M - es 


would provide carryover construction requirements for the 
exw succeeding time period. Repetition of these calcula- 
tions would provide the appropriate requirements vector for 


Sacm specified time period of the operation. 


Pree cOsT FUNCTIONS 

It is possible that planning objectives may be formu-~ 
lated to provide forces at least cost yet meet operational 
Bequaremenvs, The model can also satisfy this objective if 
suitable cost coefficients are developed for the objective 
fPmecion.. For minimum cost functions the form would be 
memwnerc 2 is an effectiveness coefficient row vector of 
order n, (e',, Cl aaeees a: whose elements would be 
Sitectuive production labor costs for each Engineer Troop 
Unit. Other elements of the model would remain unchanged 
imoemepnie description given in Chapter II. 

MmomscluG lon is acceptable only if it satisfies given 
ihaworsaudeet constraints then this aspect Could be incorpor— 


ated by adding another constraint of the form 
EX eer Be, 


where b represents the total dollar labor cost budget 


ceiling, could be added to the model. 


(8 








To determine total labor and material costs, overhead 
costs and material costs would have to be developed. Mater- 
ial costs for installations and facilities are published 
in the Engineer Functional Components System. Material 
costs for damage repair and renovation or use of indigenous 
Meeeurces are not published but would have to be developed 
meeouch activities are part of production requirements. 
Overhead costs for standard engineer units could be developed 
from the tables of organization and equipment. Similar 
Peers tor cellular units or dummy units used in solutions 


would have to be developed to fit the given situation. 


ieee eRODUCTION FUNCTIONS 

Pmouner alternate planning objective may be to provide 
femur produelbion for a given set cr Engineer forces. The 
model can also satisfy this objective « ... minor change ii: 


structure. For this objective the modei takes the form 


maximize Z Sy y 
emiegiect co R'Y < W*, 
ey SP aN, 
Mi mae 
where 
faee_e vocal number cf projects. 
ieee an nxn identity matrix, 
Mannan colwmna vecuor of Order nr, (Yy2Vooee+9Vy)» 


whose elements represent unknown quantities 


Opuorei|ecu vype J. 
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RY = an mxn matrix of project production require- 
ments whose elements, ae Pep reach i ase laet 
manhours for each project j. 


% % 
Tee ae 


whose elements represent manhour production 


W* = a column vector of order m,(w,* Ww, 


capability by skill grouping i for a given mix 
of Engineer units. 


N = a column vector of order n, (nj >M55-+-sn,), 
Wiese sclements represent minimum project 
requirement levels. 


iis Lormuijation has a direct relationship to the model 
gescribed in Chapter II. The procedures used to solve that 
Peoolem apply directly to the solution of this new problem. 
Consider the notation and cone=pts of Chapter II. The 
production constraint set was SX > WV which can be expanded 


for derivation of parameters to the relationship 


Sx = ARes 


Pieces fOrm, the unknown in the original formulation was 
fmew vector xX, The matrices S and R were fixed by some 
estimating technique, the scalar A was fixed, and the vector 
Q represented a given list of facility requirements. 
Uiteehnesnew £Ormulation, the vector X becomes fixed and 
the vector Q becomes the unknown. Notation is changed in 
the new formulation because the requirements were originally 
hommmevedsas a mix of installations and facilitics. This 
mix was reduced by matrix operations to the vector Q. Merely 
reversing this process would not be suitable because it 


should be necessary to construct complete installations and 
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Motemereily a group of unrelated facilities. The matrix R in 
the original formulation only related manhour requirements 
by skill grouping to facilities whereas the matrix R' repre- 
sents manhour requirements by skill grouping for both facili- 
wees and installations. 

Such a matrix can be derived by simple operations on the 
Maeva established for the original problem. The R' matrix 
sould be reduced to a size commensurate with anticipated 
Hyves of projects required and then solutions can be sought 
for quantities of such types which can be produced. The 
weervor Y thus can represent installation and facility mix 
unknowns. 


The remaining parameters can be specified by setting 
W* = SX 


Eee the S Mat: .« from the original problem and the X vec-— 
Gorees @iven, With N, R', and W* specified, the problem can 
be solved with linear programming solution techniques. In 
this case integer programming techniques should be used 
eicesitacrional quantities of projects would have no real 


meaning. 


D. EXTENSIONS 
ioeorcembevel and Requirements Calculating Methodology 
The ability of the basic model to quickly adapt to 
either a minimization problem for solution of force levels 
Guvenmemproyect mix, Or Co a maximization problem for solu- 


PIOMmetmerOo) ect mix given force levels, provides a 
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eeleulating concept to improve or extend current force 
ene methodology. Current methodology is to solve for 
merce levels given a project mix, then choose the maximum 
mevels Obtained and use surplus capability to satisfy 
uncertainties and/or upgrade facilities to higher construc- 
tion standards. In reality, current methodology ony solves 
one part of the problem, namely force levels for a given 
project mix. It is then assumed that these forces can 
accomplish the additional requirements. 

Contrast this with the ability to be able to 
successively solve both problems. Suppose the planner first 
Sstablishes minimum essential construction requirements for 
each phase of the operation and uses the model to solve for 
force levels based on these requirements. He then evaluates 
the solution, chooses his force levels by taking maximum 
levels over the entire operation and then readdresses the 
problem with these forces as given. He can now turn to the 
maximization capability of the model and, using these forces, 
Getvermine what installations and facilities can be construc- 
ted subject to production capability and some set of minimum 
requirements. Columns in the R' matrix can represent manhour 
requirements to upgrade facilities or new projects as well 
as the required types of projects. With this approach the 
planner can ascertain not only whether he has selected his 
forces properly but can examine also the nature and extent 


Sreadcumtacenal construction that could be accomplished. 


ie 





pee veonetruction Requirements Analysis 
With the ability of this model to quickly evaluate 


forces and requirements, major changes in constraints can be 
made and solutions obtained for analysis. As a prime 
example, consider project mix requirements. The model 
addresses the problem based on the assumption that the 
project mix is given. In essence, so does the planner under 
emrrent methodology. iIf the planner is faced with an arbi- 
teary ceiling on troop unit levels, should he necessarily 
feeume Lie project Mix to be fixed? It could happen that 
ieee seneral planner specifies a workload and then limits 
the forces such that the workload can't be reasonably 
aecomplished. In these cases the engineer planner could 
propose tradeoffs since he could readily eveluate tradeoffs 
Weemin the project mix as well as substitutions for the 
Meovecty Mix. With the ability to calculate project mix 
Paver a force Structure, the engineer planner could ascer- 
tain what could be done within arbitrary force ceilings. 
Similar evaluations could be made for major changes 
imnatelibbetion or facility design. For example, the test 
problem was predicated on use of wood structures. This 
influenced the skill mix and level requirements for vertical 
construction skills. By alternating between the two forms 
@f the model, the planner could introduce alternate types 
@fmeciatruerionm, 1.¢€., steel, concrete, or indigenous types, 


enduevalweate tradeoffs with types of construction specified 
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in the Engineer Functional Components System and established 
ie the basic data, 
Eee Lroop Unit Structure Analysis 

ico le aba poyetor tntbrocucing dummy units into the 
production set provides a capability for evaluating troop 
unit structure. For example, one column in the production 
--~ could represent a standard unit as currently configured, 
another column could pees ent aueMenvtarwon of such) a unit; 
and another column could represent some proposed unit. If 
one had a large number of random samples of project mixes, 
the model could be used to derive a family of solutions. 
Since the model in essence solves for troop unit levels on 
the basis of their relative effectiveness, the solutions 
WietldestoOwsthe relative effectiveness of the opposing units 
Semeatanee Of anticipated utilization. Combining this 
with statistical evaluation techniques, one could determine 
if there were significant differences in the effectiveness 
Cletiesunits being compared. Such comparisons could not 
Mecessarily be used to precisely measure the effectiveness 
Gimany One Unit, but should provide a means for ranking the 
Mot sein terms Of relative effectiveness. 

A more viable application would be the evaluation of 
fw iieweueam Cotcepts and concepts of indigenous labor 
augmentation of standard units. It is doubtful that any one 
STrendardsunat can be structured to satisfy all possible 
construction requirements under all possible conditions. 


Such units can, however, be conceived as a nucleous which 
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COulicg be readily available for any circumstances. Construc- 
et orees for given theaters could then be designed with 
Ene ef andard units as a nucleous augmented by other forces 
such as cellular teams and indigenous labor units. 

By evaluating suitable random bprOleceumixes for 
Vertous theaters, it should be possible to determine the 
feguirements for andconfiguration of cellular teams and U.S. 
Support requirements for indigenous forces. It is not 
Presumed that this would be an easy task since the results 
would be driven by the assumed project mixes and estimates 
Soeeonstruction requirements and troop unit construction 
capabilities. Such analysis could be undertaken if accept- 
able data is developed. 

The model also provides a basis ror evaluating 
Eupreca va OnecoOnsteraincs. The simple test problem used in 
this paper showed that better results could be obtained if 
allocation constraints were removed. This problem, however 
CHimeavebesue De conceived only as one arbitrary sample 
which is not sufficient for an adequate appraisal of allo- 
SaLwonerules., Given a wide range of such solutions, however, 
one could determine whether such constraints were really in 
consonance with operations objectives. 

These extensions show that with suitable application 
the model can help free the planner from manual calculation 
effort and permit deeper investigation into the matters 


Witetwmeagereality, drive the solutions. 
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APPENDIX A 
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APPENDIX B 
COMPUTATIONAL PROCEDURE FLOW CHART 


ime rogran | —- Data Bank Initialization and Initial Computations. 
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eee rogram 2 — Additional Calculations and Specification 


Or Conurol Parameters. 
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3. Program 3 - Linear Programming Solution Model. 
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